Using the chambered gastric segment preparation it was found that application of current from serosa to mucosa resulted in an increase in H+ ion production and a decrease in Cl-ion secretion. Following the application of current from serosa to mucosa the secretory rate was essentially the same as before current application. Application of current from mucosa to serosa resulted in a decrease in H+ ion secretion and during the first IO-minute period sometimes an increase and sometimes a decrease in Cl-ion output. With continued application currents from mucosa to serosa, both the H+ ion and Cl-ion secretory rates continued to decline. Following cessation of current current from mucosa to serosa the application. The implications light of a theory of HCl formation. CCORDING to a previously published A theory of HCl formation there is an anion transporting system in both the resting and secreting mucosa that gives rise to the electromotive forces represented by & in the equivalent circuit diagramed in figure I (I, 2). It is assumed that the resistance (Rz) of the return circuit within the mucosa is very high in the resting stomach and very low in the secreting stomach. It is also assumed that during secretion current flow from 231 results in the formation of H+ ions at the site designated by EZ. The sending of a direct electric current (from an external battery) across the stomach in the direction indicated by arrow labelled IS would increase the current flow in the 12 limb and decrease it in the 11 limb of the circuit. In the secreting stomach an increase in 12 should result in an increase in the rate of H+ ion secretion and a decrease in 11 should result in a decrease in the rate of Clion secretion. Conversely, the sending of current in the opposite direction should decrease the rate of H+ ion secretion and increase secretory rate was less than before of these findings are discussed in the the rate of Cl-ion secretion. These predictions are warranted only when the applied current does not change the parameters of the circuit.
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If the application of current results in a change in the parameters the theory might still be tested provided a new steady state is reached and the new values for the parameters remain unchanged for a sufficient time following the interruption of the current. Under these conditions it is apparent from figure I , that following the interruption of current flow from mucosa to serosa (i.e. I, negative), II would decrease and 12 would increase. These changes in II and 12 should be accompanied by a decrease in Cl-ion secretion and an increase in H+ ion secretion. In previously reported work (3) it was shown that the sending of current from serosa to mucosa increased the rate of H+ ion secretion and that the sending of current in the opposite direction decreased the rate (see also 4). The primary purpose of the work reported below was the determination of the effects of the application of current on the rate of Cl-ion secretion.
METHODS
The previously described (3, p. 118) similar to the mucosal chamber was used and with this preparation the blood vessels entered via an opening in the top of the serosal chamber and a 0.16 M NaCl solution made contact with the entire serosal surface. In the earlier experiments a mucosal chamber was used that contained an agar-solution junction (chloride free agar used) and because of the possibility of some of the secreted ions being transported into the agar another mucosal chamber was devised (2) in which the electric current entered the mucosal chamber via a liquid junction. The fluid in the tube through which the current entered was flushed at the end of each sampling period with a known volume of a chloride free solution (0.16 M NaN03). The fluid was flushed into the mucosal chamber as the chamber was being drained and hence became a part of the sample.
A 0.16 M NaN03 solution was used as the mucosal fluid and was replaced with a fresh solution every IO minutes. The volume of secretion (original volume plus volume flushed into chamber subtracted from final volume), the H+ and Cl-ions were determined by methods previously described (2, 5) . The method for current sending was essentially that described before (2, 3 plication of current or to the post-current sending periods. The effect during the second period of current application was essentially the same as that during the first period. Four other experiments were performed in which current was sent in this direction for two or more consecutive periods and similar results were obtained. In figure 4 the results for these experiments are presented (plus values of current). The results for first and subsequent periods in those experiments in which current was sent for more than one period are not separately designated. It can be seen that application of current in this direction resulted in an increase in H+ ion secretion in every experiment and with one exception (so-ma experiment in fig. 5 ) a decrease in Cl-ion secretion. In figure 4 the results of these experiments are presented (negative values of current). It can be seen that with one exception there was a decrease in the rate of H+ ion secretion. In some experiments there was an increase in Cl-ion secretion but in the majority there was a decrease. In every experiment (a total of seven) in which currents of 1.0 ma/cm2 or greater were sent for more than one IO-minute period it was found that the Cl-ion secretory rate was less during the second and subsequent rates. Right, effect of 20 ma of current applied from mucosa to serosa for three consecutive periods. Area of both chambers was 17.5 cm2.
periods than during the period before current application.
In every experiment (a total of five) in which currents of 1.0 ma/cm2 or greater were sent for single periods during high secretory rates (>0.4 mEq of H+ ions/IO min.) there was a decrease in Cl-ion secretory rate during the current sending period ( fig. 5 ). In every one of the experiments in which the sending of current had a clear cut effect on the H+ ion production it was found that the secretory rate following the application of current (figs. 2, 3 and 5) was less than that before current sending. It is apparent that application of current from mucosa to serosa (1.0 ma/cm2 or more), in sharp contrast to the effect of application in the opposite direction, resulted in a change in the characteristics of the secretory mechanism. According to the theory the above results would be interpreted as representing a change in the parameters of the circuit. Most of the experiments in which current was sent from mucosa to serosa for several consecutive periods were designed in an effort to reach a new steady state. With the attainment of a new steady state the theory might be tested as pointed out above by comparing the secretory rate during the last current sending period with that of the first postcurrent sending period (see above). However, the attempts to reach a new steady state without reducing the H+ ion secretory rate to zero were unsuccessful. Currents of 0.5 ma/cm2 produced changes of the order of magnitude of the spontaneous variation in the secretory rate (only the initial periods of these experiments are presented in fig. 4 ). Current of 1.0 ma/cm2 or greater produced a continuous decline in the Hf ion secretory rate and if maintained for sufficient time reduced the rate to zero. It is not possible to adequately test the theory presented above since the characteristics of the mucosa were changing during the last period of current sending. However, comparison of the rates during the last period of current sending with the first post-current sending period in the experiments in figures 2 and 3B reveals that the Cl-ion secretory rate was higher and that for the H+ ion lower during the last period of current sending than during the first postcurrent sending period. This correlation was found to be true in four out of the five experiments in which current was applied for two or more periods and in which the H+ ion secretory rate was not depressed to zero before interruption of the current. Two experiments were performed in which large currents were sent from M to S during low secretory rates (4.0 and 4.4 ma/cm2 in fig. 4 ). Since a reduction of the H+ ion secretory rate to zero could only account for a small fraction of current it was anticipated that there would be a large increase in Cl-ion secretion. It can be seen in figure 4 that this latter prediction was confirmed. However the change in Cl-ion and H+ ion secretory rates accounted for less than one half of the applied current (see below and fig. 7 ).
Fraction of Applied Current Carried by Cland H+ ions. On the basis of the theory outlined above the question arises as to what fraction of the applied current is carried by the various ions. Figure 6 represents an equivalent circuit in which the conductance of the current by the various ions is given. The current 11 represents the net amount of Cl ions transported by the active Cl-ion transport mechanism and 13 the net amount of Cl-ion transported between the mucosal fluid and the interstitial fluid a t sites other than at the active transport site. Similarly 12 represents the net amount of Hf ions transported at the H+ ion transport mechanism site and 14 the amount of H+ ions transported at regions other than at the active transport site. When I, is positive, 14 is assumed to be negligible but when 1% is negative, 14 may be negative and will then represent the net amount of secreted H+ ions carried back into the mucosa by the where the primes represent the currents when 1% is not equal to zero. Subtraction of equation z from I yields:
and from the designations indicated in figure 6 it follows that, Iz, the part of 1% represented by a change in the output of Cl-and H+ ions is given by kIz = A&+ + A&-
where k is a conversion factor for milliamperes to milliequivalents per IO minutes. The actual measured change in Cl-ion output is the sum of the net transport by the active Clion transport mechanism, AClA, and the net transport at sites other than at active transport site, AC1 P. Similarly the actual change in H+ ion output is the sum of AH$ and AH$. In figure 7 , K& is plotted against the current rz and the solid line represents the relationship when Iz equals I, i.e., on the assumption that Is is not changed by 1%. The dotted line represents the relationship when Iz is equal 0.5 I,, i.e., when the change in 15 is equal to one half of I,. It can be seen from figure 7 that the change in Cl-and H+ ion output as a result of the application of current does not account for all of the applied current. In some of the experiments as much as 70% or more of the applied current was accounted for by the changes in Cl-and H+ ion outputs, while in In the early experiments it was assumed that the change in volume of the mucosal fluid could not be measured with sufficiency accuracy to detect a possible change in the normality of the secretion. For example, if the mucosal chamber was filled from a vessel that contained 100.0 ml of 0.16 M NaN03 and after a IO-minute period the mucosal chamber was drained into-the same vessel and the volume was then 104 ml it would be assumed that the volume rate of secretion would be 4.0 ml/IO min. It is apparent that with an error of as much as 0.5 ml in the total volume measurement (104.0 when it should be 103.5) the error from this factor in the determinatidn of the amount of H+ ion or Cl-ion secreted per IO minutes would be about 0.5%. However, the error in calculating the normality of the secretion (mEq of H+ or Cl-ion/change The experiments confirmed previous work (3, 4) on the effect of applied current on the H+ ion secretory rate. The observed effect of sending current S to M on the Cl-ion secretory rate was that predicted by the theory. The predicted effect (on the assumption that the parameters were not changed) of sending to determine the effect of current on the H+ and Cl-ion normalities. Cassia volumetric flasks of IIO ml total capacity with their necks graduated in 0.1 ml were used. The same flask was used for a given experimental period and the volumes were determined after temperature equilibration at 4o°C. Precautions were taken td minimize pooling of fluid in the chamber current M to S on the Cl-ion secretory rate was no t observed in the majority of experiments during the first period of current sending and in none of the experiments during the second consecutive period of current sending when the current density was above threshold.
Following the application of current in the direction of S to iM the secretory rate was essentially the same as before the application of current while following the sending of current from 1M to S the secretory rate was depressed. Since application of current from A4 to S changed the properties of the mucosa (the parameters of the circuit) the predictions of the theory based on the assumption that the parameters remained unchanged would obviously not be applicable. Even though a new steady state was not obtained in the M to S experiments, the changes in H+ and Cl-ion rates, following cessation of current, are qualitatively those predicted on the basis of the theory.
The question arises as to why current sent from iM to S changes the characteristics of the system while that from S to J4 does not. It should be pointed out that the application of hypertonic HCl solutions (or HNOJ to the mucosal surface of the secreting stomach produces effects very similar to those produced following the application of current from iM to S (6, and unpublished observations). Following application of hypertonic acids for a short time the secretory ratio is depressed in a manner similar to that after 25 ma in figure 5 while application for longer periods depressed the rate markedly and for longer periods of time. It is possible that transport of H+ ions in a retrograde direction into the mucosal cells results in an inhibition of those cells producing the H+ ions.
In an attempt to specify the sites of H+ ion and Cl-ion secretion an hypothesis was proposed according to which the SEC produces the H+ ions and the parietal cells the Cl-ions. According to this hypothesis current flows from the parietal cells via the interstitial fluid through the SEC and returns via the lumen. Application of current from iM to S would result in a decrease in current flow through the SEC and with increasing currents the direction of current flow through the SEC would be reversed. It can be shown by means of elementary circuit theory that in the circuit. depicted in figure 8 (assuming uniformly distributed parameters) that as the magnitude of the applied current, rz, increases current reversal will occur first in the outermost SEC (those SEC nearest 44). In an attempt to explain the results it is suggested that when the current is reversed in the outermost SEC, H+ ions are transported into these cells with the result that their H+ ion production is inhibited which then results in an inc-ease in their resistance and a decrease in their EMF. These latter changes then result in current reversal in adjacent cells and so on until there is a complete inhibition of H+ ion production. If the resistance in the return circuit of El is markedly increased, the current flow through El may decrease. For example, if before application of current, the current density through El was 5 ma/cm2 and I ma/cm2 was then applied from mucosa to serosa, M to S in the circuit in figure 8 , and the resistance through the SEC markedly increases the current flow through El could decrease. This latter possibility affords an explanation of the decrease in Clion production when currents are sent from mucosa to serosa. Obviously other explanations are possible for the effects of current sent from M to S. For example, it is possible that current flow in this direction results in the liberation of an inhibitory substance.
Fraction of Current Carried by Hf and ClIons. It is apparent from figure 7 that in many of the experiments a sizable fraction of the current was carried by ions other than H+ and Cl-ions i.e. by NOT and/or B+ ions (15 of fig. 6 ). In some of the S to M experiments there was relatively little increase in H+ ion production ( fig. 4 ). It is possible that a reaction at the site of Hf ion production becomes rate limiting and since a fixed amount of current is sent through the stomach it becomes mandatory for other ions to carry most of the current.
Since the application of current from S to M did not result in a change in the secretory rate when the postcurrent sending periods were compared to the precurrent sending periods it is apparent that a considerable transport across the mucosa of ions other than Cl-and H+ ions does not necessarily change the characteristics of the stomach. According to a previously proposed mechanism for water transport (5) the accumulation of ions in the canaliculi of the parietal cell results in the osmotic transport of water from the interstitial fluid into the canaliculi. On the basis of this proposed mechanism and on the assumption that Clions are transported across the mucosa only by an active transport mechanism it would be predicted that the Cl-ion concentration of the secretion would not be significantly changed as a result of current application. The application of current from serosa to mucosa should result in an increase in the H+ ion concentration of the secretion and application in the opposite direction should result in a decrease. The experiments presented in table I qualitatively confirm the predictions with respect to H+ ion normality but do not confirm the predictions with respect to the Cl-ion normality. These findings can be explained by assuming a) that current applied from S to M transports some of the secreted Cl-ion backwards from the lumen into the interstitial fluid and b) that application from M to S transports Cl-ions from the interstitial fluid into the lumen at sites other than at the active transport site. Since it has been shown that the current 1s of figure 6 is appreciable in many of the experiments it is reasonable to believe that some of the current is conducted by Cl-ions at sites other than the active Clion transport site and therefore the suggested mechanism for water transport is still a reasonable working hypothesis.
One of the purposes of the above experiments was to determine whether or not the increase in H+ ion production resulting from application of current from S to M was also accompanied by an increase in Cl-ion production. If application of current from S to M resulted in an increase in Cl-ion as well as H+ ion production the essential concepts of the theory (represented in fig. I ) would probably have to be abandoned in favor of the concept that both Hf and Cl-ions are produced simultaneously at a single site by a single reaction. The data presented above are compatible with the concept that the H+ and Cl-ions are produced at separate sites. The H+ ion and Cl-ion mechanisms would be obviously electrically coupled.
